The determination of distances is highly constrained to a small number of Gamma-Ray Bursts (GRBs) because it requires observations at different wavelengths. Some empirical functions to estimate redshifts have been identified using populations of GRBs with reported redshifts. For example, the Amati correlation relates E peak of the spectrum when modeled with a Band function and the total energy emitted E iso in a time integrated analysis. A multiple-component scenario has been proposed in order to explain GRBs spectra, and in this context when a fine-time spectral analysis is performed a correlation between the non-thermal component's peak energy and the luminosity (E peak,i − L i ) appears. This correlation is also used to infer distances to GRBs. In this work we present a sample of bright GRBs and apply these empirical correlations to constrain the pseudo-redshift of the selected burst sample. Our results for GRB080916C, GRB090926A and GRB150214A with reported redshift are totally consistent. Another three bursts with lower luminosities were selected. For these bursts, the pseudo-redshift range obtained with the two correlations are not totally in agreement.
Introduction
Gamma Ray Bursts (GRBs) are the most energetic transients in the universe. They are characterized by a prompt release of gamma and X-ray photons with a radiated energy of ∼ 10 53 erg liberated in a few seconds, followed by an long lasting afterglow emission that radiates in different wavelengths. The spectrum of GRBs prompt emission in the keV-MeV energy range is typically described by the empirical Band function [1] but some bursts present additional spectral components [2, 3, 4] . The most accepted model describing GRBs emissions is the so called Fireball model [5, 6, 7] , which predicts a compact object as the GRB central engine that can be originated either from the collapse of a massive star [8, 9] or from the merger of two compact objects. This central engine launches high relativistic jets [6] .
Due to their high luminosity GRBs are visible up to high distances, z ∼ 9.4, becoming good candidates for high redshift studies. Unfortunately despite all the observational an theoretical advances in the field there is not a direct way to infer distances from prompt gamma-ray observations. Different functions (or correlations) have been proposed using prompt, afterglow and prompt-afterglow observations. From prompt emission observations some empirical correlations between GRBs observables have been reported using different spectral components and obtained from both time integrated and fine time analysis, such as the peak energy of the prompt emission spectra, peak luminosity and the isotropic energy [10, 11, 12, 13, 14] .
In this work we consider two different correlations to infer a redshift range for every GRB of a sample of Fermi bursts using GBM data. First we use one of the most investigated correlation, the so called Amati correlation [10] . When fitting the spectrum of the GRB prompt emission with a Band function a correlation is reported between the cosmological rest frame peak energy of the spectrum (E peak ) and the isotropic equivalent energy E iso . Even though this correlation presents a dispersion, it has been used as a pseudo-redshift estimator because of its consistency with several observed redshifts of GRBs from different missions. Amati correlation has been used to constrain cosmological parameters. In the past years several bursts have presented a clear deviation from the Band function in their prompt emission spectra [2, 15, 16, 13] , in some cases requiring an additional power law component (PL) and in some others a thermal like black body component (BB). The second correlation considered in this work is proposed by [12, 13, 17] within a multi-component prompt emission spectral scenario. When fitting the spectra in a fine time spectral analysis of these bursts with three different components: a thermal black body component (BB), a non thermal cutoff power law component (NT) and a Power Law component (PL), a strong correlation in the central engine rest frame appears between the luminosity of the non thermal component of the i − th time interval (L NT i ) and the peak energy of the same component in the same time interval. (E NT peak,i ). The text is organized as follows. In section 2, we present the procedure followed for inferring the pseudo-redshifts using the two mentioned correlations. In section 3, we present the properties of the bursts included in our sample. Finally in section 4, we present the range of values for the distances inferred for the objects in the sample using both correlations and discuss our results.
Empirical correlations
Most of GRBs prompt emission spectra are best fit with the non-thermal Band function [1] , two broken power laws smoothly jointed at a break energy. Correlations between some observable quantities have been reported. One of the most studied is the so called Amati correlation. Using a sample of long GRBs with known redshifts a correlation between the rest frame peak energy E peak , the energy where the νFν spectrum presents its maximum, and the isotropic equivalent energy E iso in the energy range between 1-10000 keV has been reported and well studied [10] .
The Amati correlation [10] is given as:
We use values of m = 0.57, K = 80.0 and a dispersion deviation of the power law of σ = 0.18 as reported in [10] . The E peak -E iso Amati correlation is cosmological dependent since The second correlation used in this work is the one reported by [12, 13, 17] . This one is based on a multi-component spectral scenario: a superposition of a thermal black body component (BB), a non thermal cutoff power law component (NT) and a Power Law component (PL). This correlation is also cosmological dependent and we use the same values for the cosmological parameters as for the Amati correlation. When performing fine time analysis for several Fermi and BATSE bursts a correlation appears between parameters of the non-thermal component, namely the luminosity and the peak energy of the i − th time interval. This correlation is also proposed as a pseudo-redshift estimator and was used to obtain redshift estimates of three BATSE bursts [17] . The correlation reported by [12] , as a result of the analysis of several Fermi bursts, is given by: We perform a fine-time spectral analysis for our selected bursts following the procedure described in [13] and [17] . We assume that the relation 2.3 is universal for all Fermi bursts and estimate the corresponding pseudo-redshifts. Roughly, the procedure consists in varying the redshift of the selected burst until the relation of E NT peak,i -L NT i becomes the relation 2.3.
Burst Sample
We performed spectral analysis to a sample of six GRBs detected by Fermi. Three of the selected bursts have reported redshifts.
GRB 080916C is one of the brightest Fermi burst. It was located at R. A. = 119.85 o and Dec.= -56.63 o with a duration of T 90 =63 s. When fitting this burst with a Band function using three NaI detectors (NaI 0, NaI 3 and NaI 4) along with a BGO detector we obtain spectral parameters in agreement with the ones reported in [12] , peak energy of E peak = 472 ± 28 keV, low energy index α = −0.9989 ± 0.0186 and high energy index of β = −2.309 ± 0.109. This burst has a reported redshift of z = 4.15 ± 0.15 obtained with optical observations by GROND [18] .
The very bright burst GRB090926A was observed by Fermi at R. A. = 353.4 o and Dec.= -66.32 o and with a reported redshift of z = 2.1062 obtained from optical observations by the Very Large Telescope [19] of the afterglow emission. We perform the spectral analysis following the procedure of [12] using only GBM data from the two BGO detectors plus three NaI detectors: NaI 3, NaI 6 and NaI 7. When fitting the burst with a Band function we obtained E peak = 296 ± 7 keV, α = −0.78 ± 0.02 and β = −2.43 ± 0.04.
GRB150105A was located at R. A. = 124.3 o and Dec= -14.8 o with a duration of T 90 =73 s. In order to use the Amati correlation we performed the time integrated spectral fitting using a Band function. The detectors NaI 8, NaI 11 and BGO1 were used and the resulting parameters are: E peak = 296 ± 7 keV, α = −0.78 ± 0.02 and β = −2.43 ± 0.04.
GRB150314A has a reported redshift of z = 1.758 [20] . The integrated spectral analysis was performed using detectors NaI 1, NaI 9 and BGO1. Only a Band function was included. We obtain the following spectral parameters: peak energy of E peak = 320 ± 7 keV, low energy index α = −0.6087 ± 0.014 and high energy index of β = −2.487 ± 0.0523.
GRB160113A was located at R. A. = 187.3 o and Dec.= 11.5 o with a duration of T 90 =24 s. It has been associated to possible host candidates within a redshift range between z=0.087 up to z=0.382 [21] . We use detectors NaI 8, NaI 11 and BGO1 in the spectral analysis. The time integrated Band function is described by E peak = 93.3 ± 1.58 keV, α = −0.46 ± 0.03 and β = −2.93 ± 0.09.
Finally GRB170114A was located at R. A. = 12.08 o and Dec.= -12.55 o with a duration of T 90 =14 s. Detectors NaI 1, NaI 2 and BGO0 were used. The Band parameters of the time integrated spectral fit are E peak = 217 ± 15 keV, α = −0.77 ± 0.04 and β = −2.088 ± 0.07.
Results and discussion
We follow the two empirical correlations presented in section 2 in order to obtain pseudoredshifts of a sample of Fermi GRBs using GBM data. For the three bright GRBs: GRB080916C, GRB090926A and GRB150314A, the results from both correlations are consistent and in agreement with the reported redshifts (see table 1 ). In particular, these three bursts are also in agreement with the Amati correlation, see figure 1,. Table 1 : Summary of the pseudo-redshift obtained using the two correlations.
GRB
Burst GRB080916C and GRB090926A present clear deviations from the Band function as reported by [12] and both have been used to test theoretical models. These bursts were used to 10 54 10 55 Eiso (erg) 10 3 10 4 Ep,rest (keV) Amati correlation dispertion deviation σ GRB 080916C GRB 090926A GRB 150314A Figure 1 : GRB080916C, GRB090926A and GRB150314A with reported redshifts follow the Amati correlation.
validate the correlation presented in eq. 2.3. In particular, for GRB 090926A we find the correlation shown in figure 2 which is in agreement with equation 2.3. Lum (erg/s)
correlation for GRB090926A in a fine time spectral analysis following the procedure presented in [12] .
To obtain the pseudo-redshift of these bursts using the E NT peak,i -L NT i correlation we followed the procedure described in section 2. First, we obtain the E peak -Flux correlation as it is seen in left panel of figure 3 . Then, we obtain the E NT peak,i -L NT i correlation that is more alike to relation 2.3 for each burst, see right panel of figure 3 .
For GRB090926A, a value of z = 2.12 ± 016 was obtained which is really close to the observed value of 2.106. For GRB080916C, the value we obtained for the pseudo-redshift is 3.95 ± 0.24 which is close to the reported redshift of 4.15 ± 0.15 and for GRB150314A, a value of 1.9 was obtained, also consistent with the value reported of 1.758. All these values are in the range of pseudo-redshifts obtained for the burst using the Amati correlation as can be seen in figure 4 and Lum (erg/s)
Figure 3: In the left panel the plot of E peak -Flux of the non thermal component when fitting a three component scenario in a fine time analysis is presented. In the right panel in dotted lines the best E NT peak,i -Luminosity at the rest frame that minimize the distance to the relation 2.3 used to obtain pseudo-redshifts. Table 1 .
For the other three objects the pseudo-redshifts obtained using the two correlations do not seem to be in total agreement as can be seen in figure 5 and Table 1 . This is particularly notorious for GRB150105A for which the Amati approach predicts z between 0.1-0.5 and from relation 2.3 a value of 3.21 ± 0.25 is obtained. They differ by one order of magnitude.
For GRB160113A there is also disagreement between results from the two correlations. For this burst there are possible host candidates. The redshifts of the hosts obtained from optical observations [21] overlap with the results obtained from the Amati correlation. The E NT peak,i -Luminosity correlation predicts higher values.
For GRB170114 an extremely high pseudo-redshift is predicted with the E NT peak,i -Luminosity correlation. The values obtained with the Amati correlation are weakly restrictive and include the values obtained by the E NT peak,i -Luminosity correlation. This could be the most distant of the three bursts with unknown redshift.
We conclude that the two correlations seems to be in agreement for bright bursts, and that for other less luminous bursts the E NT peak,i -Luminosity predicts higher pseudo-redshifts. Several models predict emission in the TeV energy range, high pseudo-redshifts could suggest that a TeV detection is not expected from these bursts. For this sample when considering the E NT peak,i -Luminosity correlation all objects were too far to be detected by TeV instruments. 
